(19) 



JJAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number. 2000044389 A 



(43) Date of publication of application: 15 . 02 . 00 



(51) Int CI C30B 29/06 
H01L 21/20 
HOI L 21/208 
HOI L 21/322 




(21) Application number 11051784 

(22) Date of filing: 26 . 02 . 99 

(30) Priority: 22 . 05 . 98 JP 10158322 


(71) Applicant SHIN ETSU HANDOTAI CO LTD 

(72) Inventor TAMA2UKA MASARO 

AIHARA TAKESHI 
YOSHIDA CHISA 
MIKI KATSUHIKO 
AKIYAMA SHOJI 
YAGI SHINICHIRO 



(54) PRODUCTION OF EPITAXIAL SILICON SINGLE 
CRYSTAL WAFER AND EPITAXIAL SILICON 
SINGLE CRYSTAL WAFER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To easily obtain in high 

productivity an epitaxial silicon single crystal wafer 

Sng high gettering ability, low in heavy metal COPYRIGHT: (C)2000.JPO 
impurity concentration and high in crystallinity even on 
a substrate of low boron concentration. 



solution: inis spivsu^im siiiiAJii oiiiyi^i " — — 

obtained according to the following procedure: a 
nitrogen-doped silicon single crystal rod is grown by 
Czochralski method and then sliced into silicon single 
crystal wafers, and an epitaxial layer Is formed on the 
surface layer of each of the above silicon single 
crystal wafers. 
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(57) [S*^] 

-f ;l'Jl fiXT C i t r -5 i t Jl/ 



mic\=-^-ir:i>mMxS^^. 1 x i o^°~5 x i o^'at 
oms/cirf {cr-SCiS^Siti-rSit^J^S 1 CClBiSU/cx 

mic\~'-rf-r?>mmmmi:. i x i o^'-i x i o"at 
cms/cm' icr^ct^^mit-r^m^TS i ttatn^ 

2 KliStS L /cx f ^ + + JUi^ 'J 3 >^H^ -i; X -/> ^ 

n^t&^raffifR^SK*. 1 8 p p m a «T«: 
1 SKlBig ytx f 3» -C JU V 3 ^^feS"? - 

[ftsJ^S 5 ] «uiS'> 'J 3 >#feH^'t?x-7N<D^Jgg|5K 
-i;x-A{C 9 0 0 -C^i^ 'J z3.yomMlHT<0^(Dmm 
t,^rn*i 1 ^(cffiiS bfcx tf * '^-c ;U'> u 3 

H7xwN^:i!t^r-2>:^^. 

#ra^f ^tt^mit -nm^m 5 cciBtg l /cx t- =^ 

[11^7 ] was^ 3 ^^fei^-^x-MCffiSi^ 
0. 1 Q • cnt(±tcr -set -rs^jjesi 
/St* bm*3i6 (D(,>-rnj5» 1 m^c^bftx t ^ i- 

{c J; o-CiiaiS nfcx f^S? +i/ JUi^ U 3 >#^^'i'x 

CI9:^?>I9) xt•^+^'^'J^^">'3>#^B^'^;x--'^ 
r*or. ^xf4f=¥s^+>'i''>';3>#fes>!;xw> 

snfcs^ 'J 3 lym^^niT^v A 7. L-cf#6tiA:'> y 3 

>mteS':7X-/^(D«M§^5^C, Xti»=^r'>f Jl/B*iJB)S 

->i;3>^feB^'i;x-/N. 



2) !|fga2 0 0 0 - 44 3 8 9 

2 

1 X 1 0"~5 X 1 0*' atoms/cm' t?*^C 

!^ i -r -s ii*^ 9 tcteig L /c X f $ + + >"J 3 > 
CiiJioBin Btrie->'J3>m^B^'i;xw>©^^ 

1 X 1 0"— 1 X 1 0^'atcns/cn^'C*5Ci=S: 
It® i -r W:^^ 9 ^ 1 0 tclEiS L/ :fc X f $ 

^^i^ JU^- 'J 3 ^^i^S"? X - 
Ca*«i 2 1 sSSeiai i«:aiSb/txt:5r+*>i';i' 
->i;=j>^iga'i;x--'>-cao-c. xtdr+t^^-^Wia 
10 ®<D^»^PiS^K*so. 3i@/cm'Ji<Tr*SCi*#1»i-r 

iXf^' + ->-»'jUi^y 3>«fea'i7XW>. 

[iS«Ti 1 3 ] MiBi^ >; 3 >#^S'5x-y^®^&^•pa 

1 8 p pmalUT-C*)-5C<!:^#S![<S:T5 
it*3l9J5:»,^Lf|5R^l 2<D(,>Tn*> iSCCIBigLfcx 

I 4 ] Bf)i3-> 'J 3 >#«gS'irx->'>tt. X f 

|g*TtH©©SS*5 1 X 1 O'Wcm'JWJKtftSSOffiJR 
Wta^^i^ V 3 >^ieH^<:Das-qrcwnt>3SrWr SC i 

20 *it^mi^-2.if5i^9^i^t.if*«i 3(Dt,*-rn*5iJa 

Kit St8 U X f ^ =1= 1- ;u U 3 X - 

Cff^ 1 5 1 ffflBt/ >; 3 L/m^a^-f X-^A*S. «jl 

gpjCXfir^^i'l'^l'a^m^-r^.S'iiC. 9oo-c~->u 

ct*itt«i-r2.iS^S9/3:i»ufS*3ai 4®c»-rn*» 

1 ^{CiBK L fcx b- ^^Fix- -c y 3 X- 

cis^ i 6] i{riBvu3>m^B^'^x-^>*Sv «a 

gpK:xf5f=^>'^;Hl^?^RS;-r^BijK:« 
3 0 Jnx. ?> tl/c ©-C&S C i ?r!^i 

fcx f ^» + ;^ + ^b'^ 3 >^iga-^ X ->\, 
\Mim 1 7 ] sfriB->u 3>#^ga•?x-^^tt. mja 

r . X - ^^^gP©XPi•t^ X*i 0 . 1 3 5 u mlit± 
(DXPfSSJSJi^O. 1 2fi/cni'«Tr. J&^o^^flftti^ 

40 6K:fstSb/-cxb-^:^-i^i';i'2^';3>^a 

'i7XWX. 

[fi*JB 1 8 ] itriBv 3 >m^B^'t;x 
7:>i. 0. 1 Q • cmP;(±r*^c<«:€:^Sii-r5i»5}<a9 
fsx^^mm 1 7(Dt.^-rn** i a{cfB«u/cxb-^r+'> 
i-jUi^';3>#ifea'?x-^%. 

[0 00 1 ] 

^7sm^'}>fi<^ fessccfttxfcxi:f5f+i^i'ji/^";3 

50 



C3) 

3 

[0002] 

c gejfcoDSW ] i f + f Ji^ 3 >#^^a -5 ^ > 

fc, MOS LS ICC-^l^rfe. V7hi^— ?> 

h 7 7 V ^ * 'J ^ ««^J2: < ffll^ 6 

2,. i,^fc*5>-2.Gr own- i nXPil{Ci€.DRAM<Dfi 
[0 00 3] COct^^S^J^^f'^-^'^^fC^^^^^^ 

5tm^^*fi«SS*s 1 X 1 O'atans/arfJJiTi^^e 

tin is D 2^ y 3 > x-/^±^c^?^ETSS^J»^^^» 

[0 00 4] C(D.i:^fim^^m!^im^^^mW: 

>?gg©»=E (mti. 3 X 1 O"atofns/cm'fei±. 

0. 0 2Q -cmttT) *iffll^iE.nr*JO. -&©fc«>Xf 

^r=t->i. jii/ u 3 >*^B^a'5x -^^li?' 3 ^ ^J^;^=^^- 
[0 00 5] L*^t^, aia«CM0S7=^^W^fflOxf 30 

[ 0 0 0 6 ] Sfc, ffiii^A^O . 1 Q • cm*?®©K^P 

ab, Sffi;£S i 0,{Cj;o-CCVDn-f--f 
[0007] 

@..^.{cti^f s n/c t?, i 1 3f + -> + Ji'>> 3 > 
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[000 8] 

[^S5rSiaiT-2>fc*CD^I2] ±iBPiS*fi?9fr^fc 

-;^>•*JSa■5x-^^K:^lDX0/da. S[S^'J3>*)es 

!^ t r -5 X f + r^Wi^ 3 -5 X 

[0009] C©J:5«:, xh-ir=t=i^i';l'2^'J3>^M 
^>^;x->'A;&Sji-rS:^K:*iUr. 5^3i'7Jl'X^- 

ggpicx b- ^= i- s J: 5 ic-rnii . -J 

3 >*^S'? x->'>cD-'-?Ji' ^a5rB^^©i?^aE«: J; 0 

t X f ^» + ^I'jiffjRSffiiK: ^ > y^*^ 

fdr 't'i^ + Jl'BSWT 5x f 51 'I't^f ;I/'> U P >m.«S 
[0 0 10] C©^^. f»3jS52(CfB«U/cJ:^«:. 5^ 

5:. 1 X 1 0^'~5 X 1 0*'atoms/cin'«:T'5Ci*ii^ 

$01,^ cti». ^^K:<j;'3^^'Jp>'i'x-/^4I(D^a^ 

Xfi®fiSS=£:^^.K W$IJ-r -5 JC » . 1X10" atoms/cm 

■^CCT-SfcabiCSS. 5x 1 0^' atoms/an' WTiT -5© 
[00 11] $P>CCC©JS^, it5j£«3CcS*SL.fcJ:5 

5^3i'7;u;^=^-ffi«:J:^-c^*F-^^i^c->'J 
^S^. 1 X 1 0*'~ I X 1 Catoms/cra'tCf -5C 
[0012] Ch«. ^iMA-lfi 1 X 1 0^' atoms/cm' 
^B^B^^WfiKS ti:fcii:®(Das-qrowitt.1S-CS8^«:)gfi£S 

f ^ + -> f ^Ufi£Sfg(D@fSg«TW^Maf^iic^^»TtH^® 
S*iix 1 0'(l/cra'J':i±i^c5J^t-5'=1re^+Jl''5x- 



fc, g^?aS5!>n X 1 0^' atoms/an' wrr^nis, X 

fiJ^^i^ + Jl'SCCJBfiSSniSJliXPi (SF) rj:<b'©»S 
OO'C. 4KSf[81©?jft*!ia*fToyi:^. ®^#H5lTt? 1 
[0 0 13] i«*^4JCiaigb/tJ:'5«C. ^^ai' 

1 8p pma (J E I DA : B:*:m^X«lSfl 

[0 0 14] ^hic. t«5S«5{ciBiSU/cJ:^ic. e>"J 
n >*igS'? X -^AOajaSCtC X f + Jb® 

TiMK, 2/>;3>#3SS-^x-/^(c9 0 0-c-i^y3 

>*fea't'X--'NK: 9 0 0 •c~ U 3 >®M*liiT©a 
-/^gB©^^^i^^51-:^tS5T^> C iJii-C^ . 'J 

[0015] com-^. m>m6ictznofcj: 5 {ciuta 

X%^H«iUr. ^^f<ife3 0#ratf^Ci7!)^WS 

cn6©ig-^*';=^'cfenii. ii^a:Sicj;0'?x->'N^B 

tCgjfkSSeSS^^ (OSF) ^ASfiSfiUfcf). 
^i;SJ:^&C:<5:di^C<. ^^^{C■5x->'^^ffl©S!^•?' 
^5:i1-:frlz:ffUr. -^zx-^-N^ES^ISH^^i^Ra?:?^ 

i 4j 3 0 #F^^f ^ . fmm<DMit+'$i-±i-fi Cttii 

To o'l 6 ] -eur. 2t:»Bfl<Dii*ja7ccia*gL:fc^H^ 
i^';3>j^S'i'x-^>©fitn^*. 0. iQ- 

•5 ^jrlStSK^O >iSSf©<£t* -> 'J 3 >m^li'f X - 



4) !|tgg20 0 0 -44 38 9 

6 

iWliJiSSfOfSi' » ^» + + X i c i 
*i-C * .a fcS?) . C M O S t'-'^ fflSgf^sgicKSin^ 
5:S*3n-5xf5i + '>+JL't/'J 3::>^S■5x--'^^r 

CO 0 1 7 ] ^Ur. 2|s:%IB©SS:^TS{ag3nft:i/ 

';3>#Ma'5x-^^ (ii*^8) «. m«. gflJl?^ 

-7 r . ^x h- + '> -f -'I'i' U 3 x-yN«, 
3 ^ ^ ^l/ >t. J: o r ^3g?r K - 1/ T WeSS n 

i^B^'5x->'>oaJlSPK:. xt:^+->i';Hg*s?&fiS3n 

VJ3>*iea'^'X--'^®^?ga?:. 1 X 1 0^°~5 
XI O^'atons/orfiU. S>S(.»«I»3R«1 1®J:0«^ 
1 X 1 0^'~1 X 1 O^*ax.oas/cnf t-thCtAi-V-^ 

3 >*ISS'? X --'^cc X f 4^ -f Jl/JS=&Jl^fi!S3 i^fcx 
C 0 0 1 9 ] i^pic. 1 1 ictmvfcj^ ') cc> 

3>*ISS'^'XW^©a|R?4K^:, 1X10^^-1X1 

O'^atoms/on'il.fclft^B. 1 2 {Cie«gL/cJ: 

^{C. xt;dr + ->i';l'ISaM©XPiSSS«0. 3^1/cni' 

WTi-r-actTSS-C^-S. C<DJ:^K:*^§B<Oxf$f=^ 

-> 1- ;i/ V 3 > #igB^ X - >'^ , mm<D^m^ "e--^ 
30 ?nrt,>^ii^. xb-i»=^'>f ;HSS®o^PS^K?:5i 

HKO. 3{l/an'cbMi?)T/h3ifefe©if -SCi^^r^ 
cox t if r "^7 x-^A^ 7=/-?-Y Xf-^t{(Cfflt,»fcja 

[002 0] *fcii^JMi 3©J:5{c. 5>";3>mas 

1 8 p P malilTt-riCtfe 
->'^(D«ffi^C i f ^ + Jl'Jg Jf^JS 5 tlfcx fc- » + -> 
J;i3> xf^i + i^-f ;l/JI©,1^B^ttfCSKS75ii D S C i 

[002 1 ] SP>CClSj}c3I14©<t5JC. mrEi^'J3> 
^iSS'?x--'N{J. xfif+i^ + Jl'fSSJ^O^Wtb^ 

5!iaKct53ji5^$n-5^wa^o«s*i i x i o'^/ 

an* Jjt±i /j:^l^©S!*WHi^«r^^ V 3 >*^B^B^$©as- 



< f^.!imm=rioh-c^^fj:\.^imhL < ». a^^f tons 

CO 02 2 ] 4i:%^OXf^f + '>^'Jl^->'J3>mfeB^'? 

[0 02 3] C©!©-^. ii5}c]Sl 5{CialSL/cJ:^CC> 

;Hl?:^g!S^ SfrtC 9 0 0 -C- -> -J =» >©i4.#>:iT<DS 
^©^S^Jn^^tlfc^)©<!:-rSCi*i-Ct5. xf 

+ }iissmf<cm'fm^^7^\s-. X + '> f -'^a 

CCJBfiSS ti -S WB^XRI ( S F ) © J: 5 ftiJ^RgC^^^iffP 

$ij$n?). -eofcab. c®ct^i'S'>'J3>#^B^B'?x- 
^>©*;iBi5{c X f =^ + jua s i, » -5 X f 5: 

:^^t-i.;l.^^"J=i>#ilSa^9'fx-.Nt?4,ntf, t/'J3># 20 
^^a■5x-^^©^SIJJ*feSXR5*i#toi<>■Cii>^c<. ^< 

-> V 3 > X ©^SI5©x f 5f ^ 

[0024] ISfc. c®ia^ft*^i 6{Cia«gtfc<fc^ 
MfSi^'Jn^migB^B'fx-yAds. aaasccxf^^ 

i!m*m?.nfc«>©<!:^-5.i:<t*^-^^'2.= C©J:^.^C 30 
J; D ■5x-7^:S®{CO S FOD*^^fiSJS3|5<DB^»*lS 

[ 0 0 2 5 ] Ur . if;}?^ 1 7 KfBiSb/Cct ^ iC. F« 
"J =1 ^^^fa-:? X ^HSBKX f if -> f 

i^^tJ-^ Xjii 0 . 1 3 5 M mlii±©^»iKS^S*^ 0.12 
[0 02 6] COJ;^tc:4i:^HJ©xf5' + i'i'-'l/->^3 

>^igB^H, X - . X f ^ + i' }Vmi^l&t 2. BU © 

>^x-^>». -e©^Jia5fC*JC^T{i. 0. 135MmJa 

±©XRia5S*^o. i2m/arfi;Art, c^mov^^R 
c^'ffiSi^>^cffi&r/^3^J:^)©i^c^. 

-C«ga{«fia'Bl?BK** 1 X 1 O'fl/cm'tLht:^*'**) 

© t -5 . X f i» f J^ ^"J => X- N 



iltgg 2000-44389 
8 

a^il^f *fi!gaiSS*i * toA-cfit » © i ^j: . 
[0 02 7] lis^l 8«:i23fiUcJ:^«:. xf 
+ + i/ U 3 X - />© 'J 3 ^7 

i-/>©ffiSi^3S*0. 1 Q • anW±<5:^5C td^r^S 
/cfe> Sia©C MO S f'''-? -< ffl©x f i» 1- ^l-i^ V 
^>^a^■i'x-^^{ciSffl■rS£:<b*^t?#. h K- 
f>i/©P^giAS@C'9CC< <. ^ig14©a;t^xb-^+i> 

[0028] U(T. 2ls%?B{C-oi»-C3 6lCi$^-5*^ 

6iS^14©->'J=l>*^B^B')xw^5:. ifc-ir=!^i^-«' 
V =1 >#|gBl'i'x w^?:S^^r5fc^?>©«S'i'x- 
^^(cm•r■2.C^:{cg:•^. iisi^y->'^';>^^***t» 

■tf/cfe©TS)5o 

[0029] -rt^i^^. mm=S:i^ 0 :3 >#^h^b*{c F- 
^-r^xi:. '>U=!>cf^©g?^iS^=-©«i«*^ffijS3*^' ^ 
^*Ttb'8!aS*5W< ^fSCliAi^g^SSn-Cl^S (T.Abe 
andH . Takeno , Mat -Res . Soc . Synp . Pnoc .Vol .262,3, 1992 

[0030] bfc*sor. czaK:j:«3->y 3>^S 

s^J.„^^;5.^^^c:i*^-r•#So ^bt:c©->y =i>* 

fea^ "t? X - 5: as <!: 0 T X b- $ i= -f Jm ^: fiS:^ S 

-5-©ite*iO-c. #toa«)-cS^)S^'^iXf!g©iJ>^c<'^^ 
f dr 4= -> + Jl-JS «rfi£S-r * C t AS-C* i . 
[0 03 1] C©J:5CCi^U=i>mSSW^I^ 

t ;^(S#" p >?gK-c * o r fcWi, > y ^ y > i'^ 

^fi 3 -iffcts^r . m^MT-mi^ y ^ y > u r 

L/tx f =*^i^ JUi^ y 3 > 0 x-/^*S5{^T 2> C 
t^i-Cgf-S. Sit. c©J:^(ci£^o>t^e©SK^M 
K:xt:>+2/ + ;U/i3cS^ffAtf. t-VY--^>^<0^ 
mAi^l^f3H.^fcib, :j--F F-b->yK:*t-rsM^4>^ 

[003 2] 

aiS*F-^b/cvy3>*ifea«i*WeST5«:«. m 

x«1fggB86 0 -2 5 1 1 9 0#{CtB*S3ti-CC»€.<fc^ 

I fj:^ai©:^a{c.fcn«Ho>. 



[0 0 33]^^cto^. czmt, e^;u-;"J<-*k:jR^ 
cn4isii£3^*^c*i6«9)^< 0 ^^\^±^ixmmmMo:> 

[0 034] C©<j:5ic. CZffitCcfco-C^feBH^^W 
i,GT own - inXf&(Dm&imi^^^^^^'^^ 

g^SC^T^^K:lliS^«gni::^ffi-C«.2.fca?). irfcCCSSt 
[0035] y ^^Sal^JJC F - ^'"^^ i ^ 

XI 0^'atcfns/cm'l;i±{Ct-2.®*5jffi;bC^. cntCct 
X 1 0 » ' atons/an" Si, U =" 

[0 03 6] ^rUSttlxiO^-lxiO 

-atoms/cm' CC-r5CiAij(T*U I.*, cnf*. 

*S1 X 1 0"atarB/cm'«±-C*>nf3:. ffSr^^^^^ 

53: 1 0 0 0 -aH^OHK-SX ^ f ^Sr + JV^S^rtTo r 
X 1 0- atoms/cm' mT-C*ntf. + 

ixi-jnitcje^snsmiii^ps ( s f ) t£ i-ofea^^^Pi 
mm^n tdkowmvrm&^mm-r s c i jc j: »5 . 

[0 03 7] */c. :^m^'Cit. czffiocio-cg^^ 

CC§W3txl>M^S*. 1 8 p pma«T{crS<D*« 
i?S '> 'J n^^ite^^oSJ^S** 1 8 p P m a 
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@(D^B^14«cSi5SP*540 i C <!: ?:I55< C i3&*r*5. 
C 0 0 3 8 1 i/ => >#ig^*WJiSf SISRW:. 

[0 0 3 9] C^U-C. CZ^CCteC^-C^SiSS©^^ 

[0040] 'Xfc. ifi?=^'Vf >'^fiS;S^^T^H'J^c, f# 
^nfcs^ 'J >^*S^■^;x-^^cc 9 0 0 -c-i^ =»© 
giL^.OT©vas©?Ni«ia*ttix.sci*s»*i/t^. c© 

iiMS* X b* + I' Jm *J&)iXr 5 wTJCtr 5 C t fc J: 

30 [ 0 0 4 1 ] y 3 ^m^B^-i? x-^N^®©a^?:i^:& 
jt;tx-r-5©5*. a*©^wa{S3i3ajSicj:o. ^^v^i 

xtdJ'^^i/i'^l'QCCSKS^S.^^Ci (SF©l6^^c 
[0042] c ©ii^> U =J >*t?©Si;tJf3lS: 

fisi{c*ffi©a^^ii-^fi£«j-r^>c:i'^'^**- 

A«:W^^.Ma©^#<!: 9 0 0 'C-i^ U 3>© 

40 m^MT. <fcO»$ L< « 1 1 0 0-C~ 1 2 5 0 -C©® 
SIBH-Ctf 'J (DifiBli Ll^. C ©ct 0 rj:?aJS®fflt?^ 

44>i1-7^tl£tft3-a-'Sc:iA^-C#i©-C. ^ffiJltcfel-tS 
f + + ji/H©teS14«:,«|g»AiS A c i ^se <- c i 
[0 04 3] a^JJS75Jfit^tl^(C«. xf^^* 

50 iJ+j/+ji'^s©fc«>©i«sifti!!!:a*5^in*3Si> 



n 

{c^»«: ^ f f y > ysai**t# s c t **-c * . 
c 0 0 4 4 ] c ©i<®a*T^fiR©^Hmi ur tt. 

10 0 4 5] ttc. mjmic^m-r?>^s.t Lxit. m 

RTA (Rapid Thermal Annealinq) ^giUf^^lT. 

[0 04 6] tfc. *sHjcci3(,^-c«. ifi^+i/i'ji' 

<Da«?:ffi<<^r«C. fiCi^*^ l O Q • cm©®^ 

&i,ifcsJ>. S«©«li%S i 0,«:J:orCVD=I-f 
[ 0 0 4 7 ] U 3 >^SH%'i?x-^N<D^N'Jl'i!'a5 

iiJ^Ct »x f + -f )im%BfS.-^ C * 5 . 
[0048] 

(iis£t?ii 1 . itmn 1 > c zfficc J: 0 , as 1 8 >^ 

1. Omm/m i n©aS-C6*?l*±Wc. -S-O^^ 
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mi^^a^<DmMiSi^i)^ 16ppma (JEIDA) 

[0049] mm^ h--r^b/c:^©4*®^B^a^ossp 

ttl. ox 1 0»* atoms/cm' r«)'0. ^002 2ti:« 5. 
10 0 X 1 0 ^ ' atoms/crf o (^©^@*f 

- I R{Cj:0?iiJSL/-ctC5. £'©MS4> 1 6 P P m a 
O^^iSS i ^ -CI, ^ -5 C t ^ 5iiS L /-c, 
[0 0 5 0] CC-C»?>n/c6*CD#*SS^*^6. -^-f 

20 sau/c. c©6fe©->';3>#feH^'i':>^-^^®ffitft^* 

[0 0 5 1 ] cn6©3«S©^«H-7-a?:fe-:56t5? 
©as-qrowrilXSS©J^';=J>#MrB':?x-/N©«3DCC« S 

tS?«l 2 0 O-C-C. 4^5 1 2 5°C-C5MmJm5 

©>> U 3 >x b-ir4^-> f JUiEfi^tT-p fc. X f^=^i^ -f 
;l/fiSS*^» 'J > * ^©'^ + l^tC 'J =» >*® 
5:4SS"r-51t-fe7*df?:iEgUfc*>©'r. iin^:]6^»sw 

im-n^(0'h<otbfc. cnjcs iHci,+H,*«A 

30 -r S C <!: J: o -CJ^ =3 > 'i'X 'J 3 >«:X f 

N./?;<^Ha(cj:f3 8 0 o-c-c4^ra©^®a©fg, 
o, y/;^^HM{c cfc 0 1 0 0 0 -c-c 1 6 sfra©«i^a{c 

it^i^^)V'^ i; =I>^#SS■5x-/^©y if U ^i'^* 
5:, r; 3 X->'N©^%'Jl'i'cti©m#Wffl«^iE'CW 

[005 2] c(Dm.m^m'^m<Dmmuo p p (opti 

cal Precipitate Profiler) :at?^fofc. C©0PPS 

©r. i!-r?6as*ie.-c/cu-tf*^<S7ic7-uxA-c2* 

or. ■i;x--'^igffi|ilJ*>6AS^3■I^S. c©«Fl-3®i:^ 
[ 0 0 5 3 ] C ©a'J^*S*^0 1 L-^t^o C C -C0 1 

©&*>6. h'-vmL. M 1 . 0X10 

50 "atoms/cm'. S^K- T-a 5. 0 X 1 0 " atoms/cm^ © 
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m^Vrm^Xf&^^i:rril^^ RJ^T'o y hSi 1 2 0 0 "C 
ttl 1 2 S'Crxf^i+i^+'Jl'fiSS^tT-olfciS^OK* 

C0 05 4] ai^o> mmv'-^&^^i- ox i o^* 

atorns/cin' <Dl«^ ^> . 5 . 0x10"* atcms/cn^ ©i8^ 

K-7'Ljt'5x--'N«, 1 1 0 0 "ClilJi^flifii ffiSS 
5:tf -3 r ^) as-qrowntilJSS-CCD^^*TtH^*^mS{T 2> C <!: 

C 0 0 5 5 ] 2 . hfcf^W 2 ) IDSS^ 1 i |S1«<D 

:^{i< 1 0 0 >©^MS^^?ltr±cf/c„ ?l*±tfjSS 

(il. Omm/min. 1. 8 mm/m i n<D2aSi 20 

^LT. ^StSSA^SX 1 0". 5X1 1X10 
^\ 5X 1 0"*atx)nis/cffl'O4aSCD#^B^^t. tbIS 

i; =3 >#^siB^BMB^■i'x-/^©ffi^^*B(,^■r^^^>*^J i o q 

• cm. mMii^it 10. 5~17. 5ppma (JEI 

DA) <omm-c^-:^tc, 

[0 05 6]:>C{C, xf^f+i/f JUJSSSia^rffltit:. 30 
cn?.cr)>"j3>^ie^'f x->'N(D«BfC. 1I50°C 
•Cl^lffl®*3R'>t-i?fCgi#, 1 1 70-C-C3uni©;» 
S(D-> y n >x f $r + + ;bfi£S?:tT^C o /c. Ur . 

cDS*^0 2(C7nL.fc. 02<DSaJ:O. ^Fll<b|^ 
lite, as K-:/L/fc'5x->'^«. 1 0 0 0*CJ':i±©x 
f 3» + ~> -f Jl'lSLA^ ?f -5 T , as-growntt^-C©^^ 

^fiiM*^mM-r ^» c i < . *f tti^s^ftix. 2. tis^ 

(D^iai. oE + io«i. ox 1 o^'^^j^urt^^.. 
[0 05 7] (mmm3)mmmitmm(oczmicj: 
*}. m^a-o^. ('J<p>K-7') . :Sfi[<io 
0>(D^fea^%?l#±lf/c, giiFiitfisa^tti . Om 
m/min. 1. 8 mm/m i n©2^i L. Ilf4i*' 

{cSA-r-SM^tgl^Mft^'^x-^^oa^iBSL.r. s 

^^S** 1X10"— 1X10" atoms/cm' tUi>W.^ 

©*xi;=j:y^S^M'i'x-^>?:f^KUit. {^S?nfc 

i; 3>milSSSraD'5 x-M©ffitn*«S^J 1 0 Q • on 50 
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ffi^iSafW 10-18ppma (JEIDA) ©SBHr 

[0058] 'Xk:. xt:ii4i'+jL'fiSE:^g4ffltsrc 
neci^'jn^mSB^'t'xwNO^SK:. 1130-c-c 

l^jr^©*^'^-i'«:^*. 1 090"C-C1 5MmJ¥S 

^Kiie a^fc spi (KLA-f>=3 -}\^ttmmsi^ ) 

f^^+i^-f ju"t;x-/x{c^^?« 1 iPli;:^?*{cj; o^ta 

rn©'^7x-/^^>l x i o'ffl/cm'JWio^waJBssg 
W L- r c ^ s c t *5#iJ -J /c. 

[005 9] cn6©*S«*>6. ^i^7>5i X 1 0" 
~1 X 1 0»' atoms/era' -C^n^i. x fir + '>i';L'Ji^ 

ffi©*gs^«:PS©sst{*. 8 -i; x-/^-c 1 0 0 fflw 

T. -r^Cfc^, iKjO. 3ffll/cm'JilTCD^«:RISe[rfeO, 
*>o 1 X 1 0'ffl/oii'Jj^±©S?^©faifJlgS€:WT^i/ ' 
y 3 :^ X t if + 1- ; 1/ ■? X - / ^ *t5g|| 6 n S c i 

[0 0 6 0] (SIJSC?i|4) HJSMl iHlt^CZiffifcJ: 

0>O#^fH#^?l*±tf3ISl . Omm/m i nr?I 
it±ifft, Jlf4'^Jc!3LA-ri.a{ta^J^fl-*'^'x 
-^>©a*SI^L. 1 X 1 0^'~^5 X 1 0 

3>**SH^»ffi'5x-/^*f^b/c. ffS3tlfci^U3 
^m^^M-^x-zAOfiia^^l^Jl OQ • on 
mtH^l 6ppma<JEIDA) rab-:./Co 

[0 06 i]y:{c> cn6©'i?x-^^^cxt•^^+->■^';^ 

HRg-r^lir©^^ttffitLT7>7-Jni^.S;©RTA <Rapi 
d Thennal Annealing) ^M.'C$>^i^ -( T -j ^ v 
-f^'CT^'^i' -r>^'-:^-~>3:>-;bttS©SHS-2 8 
0 0^ffit,>t:l8l*aM«rt7^j:-3/c. C©Nf©I^*!:S^ 
1 2 00-C. 0~3 6 0 0i&\ ^BSlttHa 2 5 

Ar7 5%-es>s. (S). ^Q>mxiL<jymm\t. 6 
ot><DM«!ia^^D3Rb-t:^ft\ ^©-^it^pa^^a 

[0062] ^©l^^atu^^-i^x-^N^ffi^^scffi^Ut 
(^^Rltf-^XO. 1 3 5/im«±) ^rSiti^^'P^fOSD 
A (Optical Shallow Defect Analyzer) ^ffltiTlSS 
La4{C^L/-c. Ctx^Oxf^+v-f ;UfiSSB(I 

U. •>x--'N©>'<;U^tt'©^R8S5g (BMD^a : Bulk 
Micro Defecta^S) Bio-RadttK. I^K^ISIS^S 
OPP (Optical Precipitate Profiler) ^^Bt^T^S 
3 0 umO«^?ria2L//c*S:S?r05fC^S-ro 04. 5 
(O^m^h. r x-;U^ra 3 0 #iii±-C6i^«:*Jl^«;|ii| 
«i^il>^-S7!iS. f 'J ^ U > i^^S i S BM DISKfcaga 
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[0063] -Aic. c(Dm^m^mvtc':f3i-J^<Dm.m 

<D7i<.m^~'^icm^. 1 0 9 0 -C-C 1 5 urn®® 

[0064] CCr. aecDTZDBOMS^iB^^- 
h^{bl^J¥2 5 nm. y-hffiS8mm'. ^H^SSSEfil 
ImA/crf. ^iSO^ft-r-C, i?{l:)gB8EAS8MV/an 
W±^W-r-2>^><D<D^t?*>3, SI70TDDB0Mn°n^ 

XhUX«a£<iiO. 0 1 A/an'. SiSO^frTT. Mit 

0. 0 1 A/cm'. 1 0 O-CO^ft^Tr. iJ'f bJSiStffiA^ 5 
C/an'JU±5WTSfe©®^-CS)5. 06. 7 (Om^iP 

ne.©Mp°a^**5^«C|nl±L., 1 2 0f*W±-CW9 5% 

[0 0 6 5 ] ^Cij. *^HJ». ±iS^S£Jf5<!l{Ci!lS2n 

ifc 4 O-e* o T StC'a^ 3 n -2) . 

[ 0 0 6 6 ] -Plliitf. 2t:^^«:fcC^-C?^3e'7JU^+- 

[0067 ] ifi?=1rV + il/fiSfiS:tT^fC&ft:o 
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B E tc J: ») i b'if+ •> f Jl/^S^tTC >x f ^ +•> f V 
[006 8] 

n ^^^B^-i; x-^^«. i»iSi4-c*>ofiS#{c^'^^ 

[SSOS^^ClJSBJ] 

[0 1 ] mmm i . tb^^^ i «cfci,>-c. ss^waiigj 

m2] mmmi. imm2icist.^x. 
is. o p p fficc<fc 5 x->^©sa^wa^it^}^PS^^f^^o9J 

20 

[03] HiSWStCfcC^r. if $4=">*Jl'fiS«f* 
■5. 

[04] S|]S6W4ic*ji<»-r. xt•^^=^->^'-'^JlRfil? 

[05] lU6l?l4«:*5«,>r, xfc:$=irS/+;i'fi£SBtr 

jC'i7X-/>«:«i*aa?:SfeL. ^©^SM«{C*Jl-f-5>:7 

30 4. 

[06] ^560114 CcfcC^T. xf^^^i/f^UfiSSM 
o•;;x--'^{c*^^■J■•5 T z D BcDaBD^roiftiS^**^"^ 

[07] 5liit?«4{C*it>T. xf^^^^i'+JUfiSS^ 

o■^7x-^^^^:te^:^-^>TDDB<o a^i^caMfests^'^" 
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